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方法 利用调查问卷形式收集 1106 例孕妇及 369 名适龄妇女流行病学资料，
评价环境因素对不良妊娠结局及 PCOS 的影响。利用电感耦合等离子体质谱仪检
测 179 例新生儿脐带血及 201 例妇女血清多种重金属和微量元素含量；应用逻辑
回归及线性回归等统计学分析方法进行风险评估分析；检测金属代谢相关金属硫
蛋白（Metallothionein，MT） 等，结合卵泡刺激素 （Follicle-stimulating hormone，
FSH）、促黄体生成素（Luteotropic hormone，LH）、睾酮 （Testosterone，T）
等相关女性生殖激素及胆固醇、甘油三酯、高/低密度脂蛋白等代谢物进一步深




中 Sb 与 Ti 的含量显著高于正常组，其余金属的含量不存在显著性差异。 
2、对新生儿脐带血中 Sb 和 Ti 水平与不良妊娠结局进行进一步的风险评估
分析，显示仅 Ti 水平与不良妊娠结局显著相关，并呈现一定的剂量依赖性。 
二、重金属和微量元素暴露与 PCOS 
1、 检测了 PCOS 及正常对照血清中 15 种金属元素的含量，其中 Tl、Co、
Mn、Ni、Ti、Cu、Zn 在两者中具有显著差异；通过逻辑回归分析也发现，上述
元素在血清中的含量都与 PCOS 具有显著相关性。 
2、不同金属元素与年龄及 MT 之间的相关性分析发现，As 与年龄及 MT 成



















3、在多种金属元素中，Ni 和 Cu 作为有毒金属，可能会增加 PCOS 的发病，
在导致 PCOS 的发病机制中发挥重要作用，而 Zn 和 Co 作为人体必需的微量元



















Objective In order to investigate the incidence of adverse pregnancy outcomes 
and polycystic ovary syndrome (PCOS), epidemiological data were collected in this 
study. To discuss the impact of environmental levels of heavy metals and trace 
elements exposure on adverse pregnancy outcomes, heavy metals and trace elements 
in newborn cord blood were detected. We detected the levels of heavy metals and 
trace elements combining with relative hormonal and metabolites, for elucidating the 
harmful effects of heavy metals and trace elements exposure on PCOS. 
Methods Using questionnaire survey to collect epidemiological data of 1106 
pregnant women and 369 age women，and evaluated the impact of environmental 
factors on adverse pregnancy outcomes and PCOS. We examined heavy metals and 
trace elements concentrations in 179 newborn cord blood and 201 women serum by 
using inductively coupled plasma mass spectrometry; Using statistical analysis 
methods such as logistic regression and linear regression to analysis of risk 
assessment; To further study the possible mechanisms of heavy metals and trace 
elements on PCOS, we examined metal metabolism-related proteins such as 
metallothionein, female reproductive hormones such as follicle-stimulating hormone, 
luteotropic hormone and testosterone, metabolites such as Cholesterol, triglycerides 
and high / low-density lipoprotein. 
Results 
First, heavy metals and trace elements exposure and adverse pregnancy outcomes 
1, 14 kinds of metal elements in newborn cord blood were detected and observed 
that the concentrations of Sb and Ti in adverse pregnancy outcomes were statistically 
significant higher than in the controls. The remaining content of heavy metals and 
trace elements did not show significant differences. 
2, Further assessment of risk for newborn cord blood Sb and Ti levels and adverse 
pregnancy outcomes showed that only Ti levels was significantly associated with 
adverse pregnancy outcomes and showed a dose-dependent manner. 
















1, 15 kinds of metal elements in PCOS and controls were detected, and Tl, Co, Mn, 
Ni, Ti, Cu, Zn had a significant difference between PCOS and controls; The levels of 
these elements in serum were also found significantly associated with PCOS by 
logistic regression analysis. 
2, The analysis of correlation between different metal elements and age, MT 
showed that As was significant positive correlation with age and MT; Ti was only 
significant positive correlation with age; Cd and Ni were only significant negative 
correlation with MT; and we also found that metal elements were statistically 
significant positive correlation with each other. Furthermore, there were positive or 
negative correlation between Tl, Co, Mn, Ni, Ti, Cu, Zn and reproductive hormones 
and metabolites, respectively, and they were also showed linear relationship in linear 
regression analysis. 
3, In a variety of metal elements, Ni and Cu as toxic metals, may contribute to the 
pathogenesis of PCOS and play an important role in the pathogenesis of PCOS. Zn 
and Co as essential trace elements, may play a protective role in the pathogenesis of 
PCOS. 

















第一章  前言 
1.1 不良妊娠结局及多囊卵巢综合征的现状 
不良妊娠结局 (Adverse pregnancy outcomes) 包括：早产（<37 周）、低出生
体重、自然流产、死胎及死产、巨大儿、新生儿窒息、出生缺陷等，是影响优生
优育和孕产妇身心健康不容忽视的生殖健康问题[1]。早产是最常见的不良妊娠结
局，大约占新生儿 12%，并且在过去 20 几年呈增长趋势[2]。早产对新生儿有很
多严重的后果，包括增加围产期的死亡率、增加患呼吸系统疾病的风险以及延迟
神经系统发育[3]。而低出生体重在发展中国家的概率大约是 6%~30%，并且其中
至少 1/3 是小样儿[4]。 
据我国妇幼卫生监测结果显示，近年来全国出生缺陷发生率呈明显上升的趋
势，目前每年有 20 万~30 万先天畸形儿出生，加出生后数月至数年发现的患儿，
出生缺陷总病例数已高达 80 万~120 万，占每年出生人口总数的 4%~6%[5]。很多
先天性缺陷危害较严重并无法完全治愈，给患者本人及家庭带来极大痛苦，给社
会造成沉重负担，同时也影响了社会的可持续性发展。 
多囊卵巢综合征 (Polycystic ovary syndrome，PCOS) 是育龄女性无排卵性不
孕的主要原因，以胰岛素抵抗、高雄激素血症和持续性无排卵为特征。有报道称
PCOS 在闭经患者中占 1/3，在月经稀少患者中占 90%左右，不孕患者中排卵功
能障碍者中占 20%~30%，而 PCOS 占其中的 90%[6]。目前国外报道 PCOS 的患
病率大约为 5%~10%。PCOS 妇女患病率希腊为 6.8%，英国 8%，西班牙白人
6.5%，美国东南部 6.5%（黑人 8.0%、白人 4.8%）[7-10]。PCOS 是妇科内分泌临
床常见的疾病，在我国有着庞大的患者群。国内有报道显示 PCOS 患病率占不孕
人群的 30%~40%，占不排卵性不育 75%左右[11]。但到目前为止，我国尚无确切
的全国性 PCOS 患病率报道。 





































































重金属污染情况包括水体、大气和土壤进行了详细的调查，并于 2010 年 2 月联
合发布了《第一次全国污染源普查公报》，结果表明，2007 年度全国废水中铅、
镉、铬、汞、砷等 5 种重金属产生量为 2.54 万吨，排放量约为 900 吨；在大气
中上述 5 种重金属污染物排放量约为 9500 吨，列入国家危险废物名录中含上述









展和人口的急剧增加，厦门市的环境保护形势也非常严峻。2004 年和 2005 年，
厦门西海湾与相邻的马銮湾、筼筜湖表层沉积物中铜、铅、锌、镉、铬、镍分别

































关（r =－0.22，P<0.05）[30]。Erebi 等以尼尔利亚伊巴丹 160 位孕妇作为研究对
象，发现母血清镉与新生儿体重也成显著负相关（r =－0.708，P=0.000）[31]。
Al-Saleh 等以 1578 名在沙特阿拉伯海尔季医院分娩的妇女作为研究对象表明，
在调整了潜在的影响因素的逻辑回归模型中，脐带血镉对新生儿顶踵长度（P 
=0.034）、体重（P =0.015）都有显著影响[32]。此外，尿液中砷浓度与新生儿体重、
头尾、胸围也成负相关，当砷浓度小于 100μg /L 范围时，砷浓度每升高 1μg /L，
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